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AUTOMATED TABLE TRANSFORMATIONS
FROM EXAMPLES

RELATED APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/911,672, filed on Jun. 6, 2013, and entitled
“AUTOMATED TABLE TRANSFORMATIONS FROM
EXAMPLES”, which 1s a continuation of U.S. patent appli-
cation Ser. No. 13/014,734, filed on Jan. 27, 2011, and
entitled “AUTOMATED TABLE TRANSFORMATIONS
FROM EXAMPLES”. The entireties of these applications

are 1ncorporated herein by reference.

BACKGROUND

Tables have historically been utilized to arrange data in a
suitable manner for review or computer processing. For
example, spreadsheet applications have been developed to
arrange and process data 1n tabular form. Additionally, many
current word processing applications have table functional-
ity associated therewith such that a user can display data in
a certain format through utilization of one or more tables.
Additionally, many databases can be thought of as tables,
wherein entries 1n a database are arranged by certain indices.

In some 1nstances, a user of one of these applications may
wish to generate a new table from an existing table, wherein
the new table includes some of the same data that i1s 1 the
existing table (or data that can be dernived from such data),
but 1s arranged 1n a diflerent format. There are substantially
an 1nfinite number of formats 1n which data can be displayed
in a table and, depending upon a current task of a user, the
user may wish to alter the format to transform the existing,
table ito the new table such that the new table corresponds
to a format that 1s desired by the user.

Currently, 1t 1s relatively diflicult for an individual to
perform format modifications on tables, particularly on
tables that include a relatively large amount of data. Some
conventional spreadsheet applications provide support for
user-generation and implementation of one or more algo-
rithms that can execute over an input table to create an
output table. Most computer users, however, are not skilled
in computer programming, and most users find spreadsheet
application supported languages for generation of computer-
executable programs to be non-intuitive. Thus, oftentimes a
user will take a relatively long amount of time to manually
recreate or reorganize data in an existing table to generate a
new table 1n a format that 1s desired by the user. Manual
creation of a new table from an existing table can allow for
the user to make various mistakes when transierring data
between tables. Also, the task of manually creating a new
table from an existing table can be relatively menial, often-
times boring for the user. Alternatively, a novice computer
user can hire an expert programmer to generate a program or
a script that can create a new table from an existing table
with the format desired by the user, but hiring such pro-
grammer can be expensive.

SUMMARY

The following 1s a brief summary of subject matter that 1s
described 1n greater detail herein. This summary 1s not
intended to be limiting as to the scope of the claims.

Described herein are various technologies pertaining to
transforming a first table 1n a first format to a second table
in a second format through utilization of examples. For
instance, a user may have a relatively large table with many
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cells, wherein at least a subset of the cells have data retained
therein, and wherein the table has a first format. The first
format can be defined by a number of rows or columns 1n the
first table, the arrangement of data into the rows and
columns of the table, etc. The user may desire to transform
this first table into a second table with a second format,
wherein the second format 1s different than the first format.
For mstance, the second format may have a diflerent number
of rows and/or columns. Alternatively, the second format
may have the same number of rows and columns but the
arrangement ol data 1 such rows or columns may be
different. Rather than manually creating this second table
from data 1n the first table, the user can select a portion of
the first table, which can be hereinafter referred to as an
input table. For instance, this input table may be a particular
number of rows and/or a particular number of columns in the
first table. The user may then provide a corresponding
exemplary output table The output table can be a table that
corresponds to the exemplary mput table provided by the
user, but 1s 1n the second format. In other words, the output
table 1s a manually created portion of a desired second table
in the second format.

Based at least in part upon the exemplary input table and
the exemplary output table provided by the user, a computer
executable program can be automatically generated, wherein
the computer executable program, when applied to the
exemplary mput table generates the exemplary output table.
Once such computer executable program has been gener-
ated, this computer executable program can be executed
over the first table described above, wherein the first table
comprises a relatively large amount of data. Subsequently,
the second table that 1s 1n the second format that i1s desired
by the user can be automatically output through utilization
of the computer executable program.

In accordance with an exemplary embodiment described
in greater detail herein, the computer executable program
can be inferred in a plurality of steps. First, the exemplary
input table and the exemplary output table can be analyzed,
and a candidate map between at least a portion of the
exemplary mput table and a portion of the exemplary output
table can be generated. For instance, data that co-occurs
between cells of the 1nput table and cells of the output table
can be located and a candidate map between cell positions
in the input table and cell positions 1n the output table can
be generated. Based at least in part upon such candidate
map, a filter program can be inferred. The filter program can
comprise one or more predefined rules that must be satisfied
between the mput table and the output table. These pre-
defined rules can be generated based upon empirically
collected data regarding table transformations commonly
undertaken by users of certain types of applications, such as
spreadsheet applications, word processing applications,
database applications, etc. The filter program can also com-
prise a sequence program (sequencer) that indicates a
sequence corresponding to cell positions 1n the exemplary
output table. Again, this sequencer can be selected from
amongst a plurality of predefined sequencers.

Once a filter program has been inferred, such filter pro-
gram can be utilized to build an associative program. For
example, the filter program may be configured to generate a
certain portion of the exemplary output table based upon a
certain portion of the exemplary imput table. Such filter
program, however, may not be able to perform the entire
transformation between the exemplary mput table and the
exemplary output table. Accordingly, such filter program can
be utilized to generate an associative program that 1s con-
figured to associate the filter program with another portion
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of the exemplary output table. The resulting associative
program, then, can be utilized to generate another portion of
the exemplary output table from another portion of the
exemplary mnput table. The associative program comprises
the filter program, and two relative functions, wherein the
relative functions can be chosen from amongst a plurality of
predefined relative functions.

While examples described above have mentioned a
spreadsheet application as being an application that can
perform transiformation of tables from a first format to
second format, i1t 1s to be understood that such transforma-
tion can be undertaken in other applications as well, such as
word processing applications, database applications, eftc.
Furthermore, cross application transformation of tables is
also contemplated. For instance, a user may have a first table
that 1s 1n a word processing application and may wish to
transform that first table 1into a second table 1n a spreadsheet
application. Such cross application table transformations
through utilization of examples 1s contemplated by the
inventors and 1s imntended to fall under the scope of the hereto
appended claims.

Other aspects will be appreciated upon reading and under-
standing the attached figures and description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of an exemplary
system that facilitates automatically generating a computer
executable program that can be employed to transform a first
table 1n a first format to a second table 1n a second format.

FIG. 2 1s an exemplary depiction of a transformation of a
first table 1n a first format to a second table 1n a second
format based at least in part upon user-provided examples.

FIG. 3 1llustrates an exemplary input table and an exem-
plary output table utilized 1n connection with generating a
computer executable program that can transform a table 1n
a first format to a table 1n a second format.

FIG. 4 1s a functional block diagram of an exemplary
system that facilitates generating a filter program that can be
utilized in connection with transforming a table 1 a first
format to a second table in a second format.

FIG. 5 1s a functional block diagram of an exemplary
system that facilitates automatically generating an associa-
tive program based at least 1n part upon {filter program.

FIG. 6 1s a flow diagram illustrating an exemplary meth-
odology for executing a table program to transform a {first
table 1n a first format to a second table 1n a second format.

FIG. 7 1s a flow diagram that illustrates an exemplary
methodology for generating a filter program that can be
utilized 1n connection with transforming a first table 1n a first
format to a second table in a second format.

FIG. 8 1s a flow diagram that illustrates an exemplary
methodology for generating a computer executable program
that can transform a first table in a first format to a second
table 1n a second format.

FIG. 9 1s an exemplary computing system.

DETAILED DESCRIPTION

Various technologies pertaining to transforming a first
table 1n a first format to a second table 1n a second format
through utilization of user-provided examples will now be
described with reference to the drawings, where like refer-
ence numerals represent like elements throughout. In addi-
tion, several functional block diagrams of exemplary sys-
tems are illustrated and described herein for purposes of
explanation. However, it 1s to be understood that function-
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4

ality that 1s described as being carried out by certain system
components may be performed by multiple components.
Similarly, for mnstance, a component may be configured to
perform functionality that 1s described as being carried out
by multiple components. Additionally, as used herein, the
term “exemplary” 1s mtended to mean serving as an illus-
tration or example ol something, and 1s not intended to
indicate a preference.

With reference now to FIG. 1, an exemplary system 100
that facilitates automatically transforming a first table in a
first format to a second table in a second format 1s 1llustrated.
The system 100 includes a data store 102, wherein the data
store 102, for instance, may be a particular portion of
memory that 1s allocated to a certain application. The
application may be a word processing application, a spread-
sheet application, a database application, or the like. The
data store 102 comprises an mput table 104 and output table
106. The mput table 104, for instance, may be 1n a first
format. As used herein, the term format can indicate a
manner in which data 1s arranged 1n cells of a table. Thus,
the first format may have a particular number of rows, a
particular number of columns, and/or a particular manner in
which data 1s arranged in the table. Pursuant to an example,
the input table 104 may be a portion of a {first table that has
the first format. Thus, the mput table 104 may be an
exemplary table that 1s selected from a larger table (the first
table) by the user.

The output table 106 may be a manually generated table
that corresponds to the input table, but 1s 1n a second format.
Specifically, a user may wish to transform the first table nto
a second table of the second format, and the system 100
facilitates this transformation through utilization of example
tables provided by the user. Accordingly, the output table
106 1s an exemplary sub-table (portion) of what will be a
larger table (1n the second format), wherein the exemplary
output table 106 corresponds to the exemplary input table
104.

The system 100 additionally includes a receiver compo-
nent 108 that can access the data store 102 and receive the
input table 104 and the output table 106. A program gen-
erator component 110 1s in communication with the receiver
component 108 and can automatically generate a computer-
executable program that, when executed over the input table
104, transtorms the input table 104 1nto the output table 106
(e.g., generates the output table 106). Such a computer
executable program that performs this transformation when
executed over the mput table can be referred to herein as a
table transform program 112, which can be retained 1n the
data store 102.

Since the table transform program 112 generates the
output table 106 of the second format based upon the mnput
table 104 of the first format, the table transform program 112
can be applied to other tables of the first format to generate
corresponding tables of the second format. As mentioned
previously, the input table 104 can be a sub-table of a larger
table (a first table). Accordingly, the table transform program
112 can be executed over the first table to generate a
corresponding second table of the second format (of the
same format as the user provided output table 106). Thus,
the system 100 facilitates transformation of a relatively large
first table of a first format into another relatively large
second table of the second format by way of user provided
examples of a smaller table (the input table 104) in the first
format and a smaller table (the output table 106) 1n the
second format. This approach 1s intuitive to relatively novice
computer users that are not skilled in computer program-
ming, as this approach allows the user to inform a computer
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that the user wishes a table transformation to be performed
without requiring the user to inform the computer of exactly
how to perform such a table transformation.

In one exemplary aspect, the input table 104 and/or the
output table 106 can be formatted in accordance with a
spreadsheet application, such that the tables appear 1n cells,
rows and columns 1n the spreadsheet application. It 1s to be
understood, however, that one or more of the input table 104
or the output table 106 may be 1n the form of structured text,
wherein certain delimiters such as spaces, semicolons, etc.
can indicate the format of the input table 104 or the output
table 106 (e.g., the delimiters can indicate cell positions in
a table). Moreover, the system 100 facilitates cross-applica-
tion table transformation. Accordingly, the mput table 104
provided by the user may be from a word processing
application, while the output table 106 may desirably be
placed 1n a spreadsheet application. Additionally or alterna-
tively, one or more of the input table 104 or the output table
106 may be from a database application, such that a user can
convert formatting/view of a table 1n a database manage-
ment system through utilization of the system 100.

In an exemplary embodiment, a general purpose comput-
ing device such as a desktop computer, a laptop computer,
a mobile computing apparatus such as a mobile telephone,
personal digital assistant, multimedia player, etc. may com-
prise the system 100. The user may utilize the graphical user
interface of one or more applications to select a sub table
from the first table of the first format as the input table 104,
and, for instance, use mechanisms such as click and drag,
drop down menus, etc. to mitiate transformation of the first
table to a second table of the second format through utili-
zation of the table transform program 112. In another
exemplary embodiment, a server may comprise the system
100, wherein an application that utilizes the system 100 1s
accessible to the user by way of an Internet browser. That 1s,
remotely hosted applications can utilize aspects of the
system 100 that have been described herein.

Turning now to FIG. 2, an exemplary depiction 200 of
generation of an exemplary table transform program 1is
illustrated. FIG. 2 illustrates an exemplary input table 202
and an exemplary output table 204. The exemplary input
table 202 may be a portion of a larger table 206 (a first table)
that has a format that 1s the same as the format of the input
table 202 (a first format). The output table 204 corresponds
to the mput table 202, but 1s in a different format than the
input table 202 (a second table). For example, data in cells
in the output table 204 can include at least some data that 1s
included 1n cells of the mput table 202. In another example,
data 1n cells 1n the output table 204 can be a function of data
in cells of the mput table 202. As described above, the input
table 202 and the output table 204 are examples provided by
a user, wherein such examples are desirably used to generate
a table program that transforms the first table 206 into a table
that has the same format s the output table 204 provided by
the user as an example.

The program generator component 110 receives the input
table 202 1n the first format and the output table 204 1n the
second format. Responsive to receiving the tables 202 and
204, the program generator component 110 outputs the table
transform program 112. Thereafter, the table transform pro-
gram 112 receives the first table 206 as an input, wherein the
table 206 has the first format. The table transform program
112, when executed over the first table 206, outputs a second
table 208 that 1s 1n the second format (the same format as the
exemplary output table 204 provided by the user). Accord-
ingly, the user can cause a relatively large table to be
transformed into another format relatively easily by provid-
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6

ing examples indicating the format of the first table 206 and
the desired format of the second table 208.

With reference now to FIG. 3, an illustration 300 of an
exemplary mput table 302 and an exemplary output table
304 1s provided. The exemplary input table 302 1s 1n a {first
format. That 1s, exemplary mput table 302 comprises four
rows and four columns. The first column of the exemplary
input table 302 comprises names of individuals that took
particular tests. The first row of the exemplary input table
302 indicates names of the particular tests (QUALI,
QUAL2, QUALS3). The remaining cells of the exemplary
input table 302, i1 not empty, indicate dates that individuals
in the first column of the exemplary input table 302 took the
tests 1ndicated 1n the first row of the exemplary input table
302.

The exemplary output table 304 includes three columns
and seven rows. It can be ascertained that for every date 1n
the exemplary input table 302, a row was created in the
exemplary output table 304, wherein a row in the output
table 304 includes the name of the test taker, the name of the
test taken by the test taker, and the date on which the test was
taken. If a cell in the exemplary mput table 302 1s empty,
then no corresponding row 1s to be produced in the exem-
plary output table 304. Furthermore, 1t can be ascertained
that the dates in the exemplary output table 304 are ordered
by row-major order.

The program generator component 110 can receive the
exemplary input table 302 and the exemplary output table
304 and can automatically generate a computer-executable
program that can cause the input table 302 to be transformed
into the output table 304. In addition, such computer-
executable program can be utilized to transform a larger
table (first table) that 1s in the same format as the exemplary
input table 302 to a corresponding table (second table) that
1s 1n the same format as the exemplary output table 304. The
exemplary mput and output tables 302 and 304 shown 1n
FIG. 3 will be utilized herein 1n connection with explaining
operations of the program generator component 110 when
producing a table transform program.

Referring now to FIG. 4, an exemplary system 400 that
facilitates automatically generating the table transform pro-
gram 112 1s illustrated. In an exemplary embodiment, the
table transform program 112 can be inferred in two steps: 1)
a first step of building what 1s to be referred to herein as
“component programs’’, which include “filter programs™ and
“associative programs’”, and a second step where “associa-
tive programs’ are bult from the “component programs,”
The building of a filter program 1s described in connection
with FIG. 4. Additionally, for purposes of explanation, the
building of such filter program is provided in connection
with the exemplary mput table 302 and the exemplary output
table 304 depicted 1n FIG. 3. It 1s to be understood, however,
that the exemplary tables depicted in FIG. 3 are presented
for purposes of explanation only, and are not intended to be
limiting as to the scope of hereto-appended claims.

The system 400 comprises the data store 102. Again, 1n an
example, the data store 102 may be a particular portion of
computer memory that 1s allocated to an application execut-
ing on a computing device. The system 400 further com-
prises the program generator component 110, which has
access to the data store 102. That 1s the program generator
component 110 can read from and write to the data store 102.

The program generator component 110 can receive the
input table 104 and the output table 106, which are examples
provided by the user 1n connection with generating the table
transform program 112. The program generator component
110 can include a filter program inferer component 402. The
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input table and the output table can be referred to herein as
T, and T respectively. The filter program inferer component
402 1s configured to infer a filter program based at least 1n
part upon the exemplary input table 104 and the exemplary
output table 106. A {filter program can be defined herein as
a computer executable program that undertakes a pass 1n
some speciiied order (e.g., row major order) over the exem-
plary mput table 104, selects entries 1n certain cells of the
input table 104, and maps such cells to particular cell
positions in the exemplary output table 106. In some
instances, this can be accomplished by requiring that the
data in cells of the input table 104 be 1dentical to data 1n the
cells of the output table 106. It 1s to be understood, however,
that in some scenarios 1t may be desirable to consider data
in the cells of the output table as some function of data 1n the
cells of the input table 102, such as summations over certain
cells 1 the mput table 102, multiplications of data 1n the
mput cells 102, amongst other operations.

To 1nfer a filter program, the filter program inferer com-
ponent 402 may comprise a candidate map generator com-
ponent 404 that 1s configured to generate a candidate map
between cell positions 1 the input table 104 and cell
positions 1n the output table 106. The data store 102 com-
prises candidate map rules 406 that are accessible to the
candidate map generator component 404 and utilized by the
candidate map generator component 404 to generate a
candidate map 408 between at least a portion of the nput
table 104 and at least a portion of the output table 106. The
candidate map 408, then, 1s a map between at least some cell
positions in the mput table 104 and at least some cell
positions of the output table 106. The candidate map rules
406 can be a fixed set of candidate map rules that are created
based upon known transformation patterns between input
tables and output tables. Each candidate map rule in the
candidate map rules 406 may produce a set of consistent
maps between cell positions (coordinates) 1n the 1nput table
104 and the output table 106. A map can be defined as
consistent for an exemplary input table and an exemplary
output table 1f when applied to the exemplary iput table, the
map produces a substructure of the output table 106. Thus,
the candidate map generator component 404 can apply the
candidate map rules 406 1n the data store 102 to the input
table and can compare the resulting mapping to the output
table to determine 1f any maps generated by way of the
candidate map rules 406 creates a consistent map. A con-
sistent map can be retained 1n the data store as the candidate
map 408.

The candidate map 408 can satisly several conditions.
These conditions can include a condition that the candidate
map 408 maps mnput coordinates (cell positions in the input
table 104) to output coordinates (cell positions 1n the output
table 106) with corresponding data. In an example, corre-
sponding data can be equivalent data between data in the cell
positions 1n the input table and cell positions 1n the output
table. In another example, corresponding data can require
that data 1n cell positions in the output table 1s a function of
data in cell positions in the input table. This function can be
inferred or can be explicitly provided by the user. For
instance, if certain data in the output table 1s a summation of
certain data 1n the mnput table, then the user can explicitly
indicate that such a summation 1s undertaken.

Another condition corresponding to the candidate map
408 can be that the sequence of coordinates in the output
table 1s described by a predefined output sequencer. That 1s,
the candidate map 408 can map to every coordinate 1n the
output table 106 at or below row 1 and between columns
and k of the output table 106 for some 1, ] and k.
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Yet another condition that must be satisfied by the can-
didate map 408 can be that the candidate map 408 maintains
some order, such as row major order. That 1s, a sequence of
coordinate pairs 1n the candidate map 408 ordered by row
major ordering of the mput coordinates can be equal to the
sequence ol entries ordered by the row major ordering of the
output coordinates.

The filter program inferer component 402 can infer a filter
program based at least 1in part upon the candidate map 408.
The filter program inferer component 402 comprises a
mapping condition inferer component 410 to infer one or
more mapping conditions that 1s to be satisfied by a filter
program output by the filter program inferer component 402.
With more detail, the data store 102 can comprise a plurality
of predicates 412. These predicates 412 can be a fixed set of
atomic predicates 412 that are generated based at least 1n
part upon observed table transformations desired by users of
various computing applications, such as word processing
applications, spreadsheet applications, etc. Each atomic
predicate 1n the predicates 412 describes some feature of a
cell. In an example, the mapping condition inferer compo-
nent 410 can infer one or more mapping conditions 414 that
are to be are to be included 1n a resulting filter program.

To infer a filter program that computes the candidate map
408, the filter program and inter component 402 can also
infer an output sequencer for the filter program. The filter
program inferer component 402 includes a sequence inferer
component 416 that infers an output sequencer (from
amongst a predefined list of output sequencers) by ordering
coordinates 1n the output table by the order in which the
resulting filter program must map such coordinates. For
instance, such coordinates may be desirably mapped by the
row major ordering of cells 1n the mput table 104 that map
to such cells. The sequence mferer component 416 may then
check if the ordered sequence of output coordinates matches
the output coordinates described by some output sequencer
from some fixed set of sequencers. If so, then the sequence
inferer component 416 can select the matching sequencer.
The filter program infer component 402 may then infer a
filter program 418 and cause such filter program 418 to be
retained 1n the data store 102, wherein the filter program 418
1s the one or more mapping conditions 414 together with the
sequencer inierred by the sequence inferer component 416.
The resulting filter program 418 can scan over input coor-
dinates of the mnput table 104, determine 11 cells 1n the mput
table meet the mapping condition 414, and sequence cells
that meet the mapping condition in a sequence dictated by
the sequencer inferred by the sequence mter component 416.

Execution of the filter program infer component 402 1n
connection with the exemplary input table 302 and the
exemplary output table 304 shown in FIG. 3, 1s now
described. For instance, an exemplary candidate map rule
406 can indicate that a coordinate in the input table 104 1s
to be mapped to a coordinate in column k of the output table
106, 11 and only 11 the values of cells at those coordinates are
equal. This rule can be applied for each column k in the
exemplary output table 304. The rule for k=3 can generate
a candidate map from each coordinate holding a date in the
input table 302 to the coordinate 1n the output table 304
holding the same date. This map m,, which 1s a candidate

map between the input table 302 and the output table 304,
1s shown below:

(2, 2), (1,3)), (2, 3), 2, 3)), ((2,4), 3, 3)),
((3,2), (4,3)), (3, 4), (5, 3)),
((4,3), (6, 3)), (4, 4), (7, 3))

Mg =
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The mapping condition infer component 410 can access
the candidate map 408 and utilize a greedy algorithm to
locate one or more atomic predicates 412 to infer one or
more mapping conditions 414. A mapping condition inferred
by the mapping condition inferer component 410 must be
satisfied by every input cell mapped by the candidate map
408 and must not be satisfied by any mput cell that 1s not
mapped by the candidate map 408. Exemplary predicates
that can be utilized by the mapping condition inferer com-
ponent 410 can include a predicate that decides 1f a cell 1s in
row one, a predicate that decides 11 a cell 1s empty, and for
cach column k 1in the example mput table, a predicate that
decides 1f a cell 1s 1n column k. Given such predicates, the
mapping condition inferer component 410 can infer a con-
junctive mapping predicate, which can be as follows: each
cell 1n the mput table 302 must not be 1n row one, must not
be 1 column 1, and must not be empty.

Once the one or more mapping conditions are inferred, the
sequence 1nferer component 416 can infer an output
sequencer for the filter program 418 from a fixed set of
sequencers. To infer a sequencer, the sequence inferer com-
ponent 416 can order the output coordinates that are mapped
to by the candidate map 408 by the row major order of the
input cells. The output coordinates ordered 1n this way form
column 3 of the exemplary output table 304. Accordingly,
the filter program inferer component 402 builds the filter
program 418 that computes the candidate map 408 from a
sequencer that maps to coordinates 1 column 3 of the
exemplary output table 304 as opposed to a sequencer that
maps to coordinates 1n column 1 or two of the exemplary
output table 304.

With reference now to FIG. 5, an exemplary system 500
that facilitates generating the table transform program 112 1s
illustrated. The system 500 comprises the program generator
component 110 that infers the table transform program 112
based at least 1n part upon an mnput table 1n a first format and
output table 1n a second format provided by the user. As
described above, the program generator component 110
includes a filter program inferer component 402 that gener-
ates the filter program 418 and causes the filter program 418
to be retained 1n the data store 102. The program generator
component 110 additionally includes an associative program
builder component 502 that utilizes the filter program 418 to
generate an associate program. As indicated above, both a
filter program and an associative program can be referred to
heremn as “component programs™ As will be described in
greater detail herein, the program generator component 110
can utilize the associative program builder component 502
to iteratively build component programs from other com-
ponent programs until a set of component programs that map
to all cells 1n the exemplary output table are located.
Additional details pertaining to the associative program
builder component 502 will now be provided.

The associative program builder component 502 can
receive the filter program 418 inferred by the filter program
inferer component 102. Based at least 1n part upon the filter
program 418, the associative program builder component
502 can build an associative program 504 and cause such
associative program 504 to be retained 1n the data store 102.
The associative program 3504, like the filter program 418,
can map coordinates ol cells i the input table 104 to
coordinates of cells 1n the output table 106. The associate
program builder component 502 builds the associative pro-
gram utilizing the filter program 418 to compute a map
between coordinates 1n the input table 104 and the output
table 106 and then alters each pair of coordinates in the
resulting map to produce a new map. The associative
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program 304 generated by the associative program builder
component 502 can alter the map computed by the filter
program 418 by applying a first relative function to each
input coordinate to obtain new input coordinates and then
applying another relative function to each output coordinate
to obtain new output coordinates. Thus, the associative
program 504 can be the two relative functions applied to the
filter program 418.

With more specificity, the associate program builder com-
ponent 502 can access the data store 102 and can analyze a
plurality of predefined relative functions 506. Such relative
functions can be fixed, and can be selected for inclusion
from a fixed list based upon commonly observed or
requested table transformations. Pursuant to an example, the
associate program builder component 502 can greedily
apply all relative functions 306 1n the list to the filter
program 418 to generate a plurality of associative programs
(including the associative program 504). The associative
program builder component 502 may then cause the asso-
clative program 504 to generate a computed map 508. The
computed map 508 can be compared with output cells 1n the
exemplary output table 106, and if the computed map 508
corresponds to the output cells, than the associative program
504 that was utilized to generate the computed map 508 can
be retained as a component program 310 1n the data store
102. If the associate program 3504 fails to generate the
computed map 508 that maps appropriately to the output
cells of the exemplary output table 106, than the associative
program 504 can be discarded.

Thereaftter, the associate program builder 502 can receive
the component program 510 as mput, and can apply relative
functions to the component program to create a new com-
ponent program, and can cause the new component program
to generate a new computed map. The new computed map
may then be compared with cells 1n the exemplary output
table 106, and if the new computed map 1s consistent (as
defined above) and covers portions of the exemplary output
table 106 that are not already covered by another map
generated by another component program, then such new
component program 1s retained. The program generator
component 110 creates the table transform program 112 by
collecting component programs that cover different portions
of the output table 106 until the collection of component
programs fully maps the exemplary mput table 104 to the
exemplary output table 106. The resulting table transform
program 112 can be utilized to transform other tables that
have the same format as the input table 104 to other tables
that have the same format as the output table 106. For
instance, the table transform program 112 can be retained as
a template, such that the template can be utilized at a later
point 1n time to transform another table of the first format to
a table of the second format.

Referring back to the exemplary input table 302 and the
exemplary output table 304 shown in FIG. 3, and the
exemplary candidate map m . shown above, execution of the
associative program builder component 502 will be
described. An exemplary first associative program A, when
applied to the candidate map m, can alter the input coordi-
nates (the coordinates of the input table 302) of the candidate
map m,. by applying to each of such coordinates a relative
function RELCOL, that computes the coordinate in the same
row and column one of the mput table 302. The associative
program can also alter the output coordinates of the candi-
date map m, by applying a relative function RELCOL, to
cach output coordinate. The resulting map m ,, generated
from the relative functions being applied to maps coordi-
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nates i column one of the mput table to coordinates of cells
to be produced 1n column one of the output table as shown
below:

(2, 1), (1, 1)), (2, 1), @2, 1)), (2, 1), (3, 1)),
(3, 1), (4, 1), ((3, 1), (5, 1)),
(4, 1), (6, 1)), (4, 1), (7, 1))

A second associative program A, for instance, can map
some portion of the mput table to all cells that will be 1n
column two of the output table 304. Like the first associate
program A, described above, the second associative pro-
gram A, first uses the filter program to compute the candi-
date map m,. The second associative program A, then alters
cach mput coordinate in the candidate map by applying a
relative function that computes the coordinate in the same
column, but in row one (RELROW ). The second associa-
tive program A, alters each output coordinate 1n the candi-
date map m, by applying a relative function RELCOL.,
where RELCOL, 1s defined analogously to RELCOL,. The
resulting map m ,, maps coordinates 1n row one of the input
table 302 to coordinates of cells to be produced 1n column
2 of the output table 304 as shown below:

((1,2), (1, 2)), ((1, 3), 2, 2, (1, ), (3, 2)),
Ma2 = ((15 2)5 (45 2)):' ((la 4):' (5:' 2))5
(1, 3), (6,2)), (1, ), (7,2))

Accordingly, the table transform program 112 1in thas
example can be built from the filter program 418 and two
associative programs, wherein the filter program 418 1is
utilized to build such associative programs. Specifically, a
first associative program can be built by combiming the filter
program 418 (F) and relative functions RELCOL, to build
the associative program (F, RELCOL,, RELCOL,). This
associate program 1s consistent with the example mnput and
output table 302 and 304, so the program generator com-
ponent 110 can retain this associate program as a component
program. Similarly, the program generator component 110
can find the second associative function by combining the
filter program 418 and the relative functions RELROW, and
RELCOL, to build the associate program (F, RELROW ,
RELCOL,). This associative program 1s also consistent with
the exemplary input and output tables 302 and 304, such that
the second associative program can be retained as a com-
ponent program.

The program generator component 110 can build other
associative programs such as the ones described above.
However, the program generator component 110 can deter-
mine that such associative programs are not consistent with
the exemplary 1input and output tables 302 and 304, and thus
does not retain them as component programs.

Now described 1s an exemplary language that can be
utilized in connection with generating the table transform
program 112. The syntax of such language will first be
described, and therealiter the semantics of a program 1n such
language can be described as a function from an input table
to an output table.

The syntax below presents an exemplary formal syntax of
a language that can be utilized to generate the table trans-
form program 112:
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TableProg:=TABPROG{CompProg;,, . . . , CompProg, )
CompProg:=FilterProg| AssocProg
FilterProg:=FILTER(MapCond, SEQ, ; ;)
MapCond:=AND(MapPred,, MapPred,, . . . , MapPred, )

MapPred:=ROWEQ(TERM,, TERM,)ICOLEQ(TERM,,
TERM,)IDATAEQ(TERM,, TERM, )INOT(MapPred)

AssocProg:=ASSOC(CompProg, RelFunc,, RelFunc,)
RelFunc:=RELCOL IRELROW,

A table program (TableProg) 1s a set of component programs
(CompProg). A component program 1s either a filter program
(FilterProg) or an associative program (AssocProg). A filter
program makes a single pass over an mput table. During the
pass the filter program selects certain cells from the input
table and maps them to a substructure of the output table.
This 1s reflected 1n the syntax of a filter program as follows:
a filter program consists of a mapping condition over states
of a filter program (MapCond) and an output coordinate

sequencer (SEQ, ; ). The mapping condition selects which
input coordinates are mapped to the output table and the
output coordinate sequencer defines the output coordinate to
which a selected mnput cell maps. A mapping condition 1s a
conjunction of cell predicates (MapPred). Each cell predi-
cate 1s an equality or disequality predicate over cell terms.
Specifically, a cell predicate 1s an equality predicate either
over the row, column or data 1n cell TERM’s. A cell TERM
1s either a variable bound to a particular cell (such as the
input cell being checked by the filter program) or a constant
cell value.

An associative program AssocProg 1s built from a com-
ponent program CompProg and two relative functions Rel-

Func, and RelFunc,. A relative function can be RELCOL; or
RELROW _, where 1 1s a fixed natural number.

Semantics of the exemplary language will now be
described. Exemplary semantics can be defined in the list
below:

, d ,d) e Ty,
[[TABPROG({CE})]]:AT!_{ (c2, d)| (c1, d) € Ty }

(c1, c2) € UALG (T
TER(G, S)] = AT, - Filterlterq s(InitState)

F

[AND(L)] = Ao A [P](e)

f'(fl((f'h ), dp), ((r2, ¢2), d). ] )

[[ROWEQ(TI, Tz)]] = Ag - Fl =

\ (o(1y), o(13)) )

(1f r < i then (i, j) )

LSEQ; ;1 =Alr, ¢)- else if ¢ < j then (r, c+ 1)

Lelse (r+1, j) ,

R . o) R ,
[ASSOC(C, Ry, Ry)] = AT, { LR [(r1, c2), [R2](r2, €2)) |}

{(r1, c2), (r2, c2)) € [CI(T7)

[RELCOLT = A(r, ¢)- (r, i)

[RELROW] = A(r, ¢)- (i, ¢)

it [Gli{o)

Filterlterc,s () = (then (o (Curin), o(CurOun)} else @ ] J

(if IsLAstCell(o(Curin)) then QO ]

else Filteritrerg s(fterUpdateg (o)

Curin « NextinCoord(c), }

frerUpdat =
erUpdates (o) LT[ CurOut « | ST(o)

The semantics of the exemplary language described above
can be defined by the semantic function [[.]] that interprets
syntactic forms of the language as semantic values. The
domain of semantic values can be defined as follows: a
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cell((r,c),d) with r, c €8 can be an ordered pair built from
a coordinate (r,c) and a data string d. A table T can be a set
of cells, and a table program (a table transform program)
P=TABPROG({C,},) is a function from a table to a table.
Each component program C, can be interpreted as a partial
map from coordinates of cells i the input table to coordi-
nates of cells that will be produced 1n the output table. For
cach cell ((r, ¢), d) i the input table with (r, ¢) being a
coordinate in the domain of some map [[C,]], P produces a
cell (J[C,]](r, ¢), d) 1n the output table.

Every component program 1s either a filter program or an
associative program. A filter program FILTER(G,S) can be
interpreted as a function that takes an mput table and maps
the coordinates of some of the cells i the input table to
coordinate of cells to be produced in the output table. The
filter program maps to output coordinates by checking each
cell 1n the input table 1 a fixed order, such as row-major
order. In the exemplary semantics above, this order 1is
defined by a constant InitState that defines the coordinate of
the first mput cell (e,g., (0,0) 1n row major order), a predicate
IsLastCell that decides 1f a coordinate 1s the last in the order,
and a function NextInCoord from input coordinates to input
coordinates that takes an input coordinate and computes the
next coordinate in the order. As the filter program checks
input cells, it maintains a state o, which distinguishes certain
key cells, such as the current mput cell (Curln) and the
current output cell (CurOut), by binding the cells to corre-
sponding variables. When the filter program checks each cell
of the input table, it updates o so that the variable Curln
points to the cell to be checked. The filter program then
checks 11 o satisfies the filter’s mapping condition, G=AND
({L,},). A state o satisfies G if and only if o satisfiers every
literal L. The semantics of each literal 1s standard—the
above exemplary semantics gives the semantics ol the
predicate ROWEQ(TERM,, TERM,) as an example.
Whether or not o satisfies a predicate 1s decided by the
values 1n o of cell terms, such as the variables Curbln and
CurOut. If o satisfies the mapping condition G, then the filter
program maps the current input coordinate, which 1s bound
to Curln, to the current output coordinate, which 1s bound to
CurQOnut.

If the filter program maps the current input coordinate, it
updates the coordinate of the current output cell according to
the filter program’s output sequencer S. Whenever an output
sequencer S=SEQ, . . 1s applied, 1t updates the current output
coordinate to be the next coordinate in the output table by
row major order that 1 s at or below row 1 and 1n between
columns 7 and k. Because 1 and k are fixed, such a sequencer
can be applied by a filter program to produce columns with
an unbounded number of rows, but 1t cannot be applied to
produce an unbounded number of columns.

Like a filter program, an associative program A=ASSOC
(C, R;, R,) maps coordinates 1n the mput table to coordi-
nates of cells to be produced 1n the output table. Associative
program A maps coordinates by first computing the map m,-
of 1ts component program C. From m_, A computes 1ts own
map by applying the relative function R; to each input
coordinate in m,, and by applying the relative function R,
to each output coordinate 1n m,. A relative function REL-
COL, takes a coordinate and computes the coordinate 1n the
same row, but 1n column 1, where 1 1s a fixed constant. A
relative function RELROW, takes a coordinate and com-
putes the coordinate in the same column, but 1n row 1. In this
way, an associative program A computes a coordinate map
by altering the coordinate map of a component program C.

For purposes of explanation, a table transform program
that can be utilized to transform the exemplary mmput table
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302 to the exemplary output table 304 1s shown below. In
this example, CONSTCELLCOL(n) can be a cell at column

n, CONSTCELLROW(n) can be a cell at row n, and
CONSCELLDATA(d) can be a cell with data d. Accord-

ingly,

( NOT(ROWEQ(CURCELL, CONSTCELLCOI(1))),
G = AND| NOT(COLEQ(CURCELL, CONSTCELLROW(1))),
NOT(DATAEQ(CURCELL, CONSTCELLDATA(” ")),

F = FI]_,TER(G:- SEQlj,S)

The table program 1s, then:

FASSOC(F, RELCOL;, RELCOL,),
TABPRO

ASSOC(F, RELROW,, RELCOL,)

Now described will be an exemplary algorithm that can be
utilized to infer the table transtorm program 112 described
above. The algorithm 1s presented here. It 1s to be understood
that this algorithm 1s exemplary, and 1s not intended to limit
the scope of the claims.

Input: example mmput table T, example output table T,
Output: TableProg program InferredProg, where

InferredProg(T;) == T, or unmapped output table.
/* Step 1): collect filter programs. */

1 for CandMap € EnumCandMaps(T;,, T,, CandRules) do
2 MapCond < CondFromMap(CandMap, StatePreds) ;
3 OutCoordSeq < SeqFromMap(CandMap, Seqs) ;
4 FilterProgram < FILTER(MapCond, OutCoordSeq) ;
5 FilterPrograms < AddDistMap(FilterPrograms,
Filterprogram) ;
6 end
/* Step 2): collect associative programs. */
7 Comps < 0 ;
8 Worklist < FilterPrograms ;
9 while NewComps = 0 do
10 CompProg < Choose( Worklist) ;
11 Worklist <= Worklist \(CompProg) ;
12 for Rel,, Rel, € RelFuncs do
13 AssocPrg «<— ASSOC(CompProg, Rel,, Rel,) ;
14 if IsConsistent{ AssocPrg, T;, T,) and
Map(AssocPrg) & Maps( Comps U Worklist) then
15 Worklist < AddDistMap(Comps, AssocPrg) ;
16 end
17 end
18 end
19 1f IsOnto(Maps(Comps)) then
20 return TABPROG(Comps) ;
21 else
22 return UnmappedOutput(Comps) ;
23 end

The above program can be referred to herein as Prog-
FromEx. ProgFromEx, given exemplary mput and output
tables, infers a 'TableProg program that satisfies the
examples. This exemplary algorithm infers table transiorm
programs from the “bottom-up”, 1n that it collects a set of
component programs that may be combined to form a table
program. If ProgFromEX finds a set of component programs
that form a table program that satisfies the example, then
ProgkFromEx returns the table program. If ProgFromEx
cannot find such a table program, then ProghkromEx pro-
vides to the user the substructure of the output table to which
no component program maps.

ProgFromEx, shown above, takes from a user an exem-
plary mput table T, and an exemplary output table T,.
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ProgFromEX also 1s defined over three fixed sets of objects:
a set of CandRules of candidate-map rules, a set of Sequenc-
ers of output sequences, and a set RelativeFuncs of relative
functions. These sets are fixed, perhaps configured by an
expert user or administrator.

ProgkromEx can be configured to find a table program
that satisfies the example 1n the 2 steps mentioned above: 1)
ProgFromEx collects a set of filter programs that map to
substructures of T, (lines 1-6 of the above algorithm). To
find a set of such filter programs, ProgkromEx applies
CollectFilters (line 1), which first collects a set of candidate
maps over the exemplary tables by applying the candidate
map rules CandRules.

For each candidate map CandMap generated by Can-
dRules, ProgFromEx attempts to inter a filter program that
computes CandMap (lines 2-4). To infer such a filter pro-
gram, ProgFromEX 1nfers a mapping condition (line 2) and
an output sequencer (line 3). To infer a mapping condition,

ProgFromEx applies CondFromMap, which computes the
states of a hypothetical filter program as i1t reads and
potentially maps each cell in the exemplary mput table. If in
a given state a filter program reads a cell that 1s mapped by
the candidate map, then this state can be referred to as a read
slate of the filter program. For a set of read states RS,
CondFromMap can construct the following condition:

b

G = AND| (] {{| p & StatePreds, | € {p, NOT(p)}, ()}

T=RS A

where 1{0) denotes that the literal 1 1s satisfied 1n 0. G 1s the
strongest condition that 1s satisfied by all read states. Cond-
FromMap then checks 11 any non-read state satisties G. If so,
then no conjunction of literals from StatePreds may act as a
mapping condition from CandMap. If not, then G acts as a
mapping condition for CandMap. For CandMap, Prog-
FromEX can relatively immediately infer an output coordi-
nate sequencer (OutCoordSeq (line 3). ProgkFromEx then
combines the mapping condition MapCond and sequencer
OutCoordSeq to buld a filter program that computes Can-
dMap (line 4).

In step 2) (lines 7-18), ProgFromEx uses the filter pro-
grams found 1n step 1) to build associative programs until
ProgFromEx can use the set of filter and associative pro-
grams to build a table program that satisfies T, and T, or
ProgFromEx determines that no such table program exists.
ProgFromEXx 1teratively builds associative programs as fol-
lows: over each iteration of the loop at line 9, ProgkFromEx
maintains a worklist (Worklist) of component programs that
it will use to build more associative programs, and a set of
component programs (Comps) from which 1t has already
built associative programs. At the beginning of the first
iteration, Worklist 1s mitialized to all of the filter programs
found 1n step 1 (line 8), and Comps 1s 1nitialized to be empty
(line 7).

ProgFromEx executes an interation of step 2) as follows:
first, ProgFromEx chooses an element CompProg from 1ts
worklist (line 10). ProgFromEx then builds associative
programs from CompProg. An associative program com-
prises a component program and a pair of relative functions.
Thus, to build associative programs from a component
program CompProg, ProgkromEx enumeratesover all pairs
of relative functions (line 12). For relative functions Rel-
Func, and RelFunc,, ProgFromEx builds the corresponding
associative program AssocProg (line 13). ProgFromEXx then
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decides 1 AssocProg computes a map that 1s consistent for
T, and T, (line 14). If so, and 1f the map computed by
AssocProg 1s not computed by any component program in
Comps or Worklist, then ProgFromEx adds AssocProg to
Worklist (line 15).

ProgFromEXx iteratively builds associative programs until
it determines that 1t has found a set of component programs
that map to all cells in T, (e.g., a set that covers T ), or that
it can find no such set of component programs (line 9). To
check if a set of component programs covers 1, Prog-
FromEx checks 1f every coordinate ¢ 1n T 5 1s mapped to by
some component program in the set. If ProgkromEx finds
such a set, then 1t builds a table program from the set and
returns the table program (line 20). Otherwise, it returns the
set of output cells to which no component program maps
(line 22). The user can examine the output cells to under-
stand why ProgFromEx could not infer a program to satisiy
the examples, perhaps finding errors or noise in the provided
exemplary 1nput table and output tables.

As can be understood by one of ordinary skill 1n the art,
the program generator component 110 can execute the above
algorithm or other suitable algorithm for transforming tables
as described herein. In some nstances the exemplary 1mput
and output tables provided by the user may include 1nsui-
ficient data to infer a table transform program as described
herein. In an exemplary embodiment, the program generator
component 110 can actively request or query the user about
certain desires of the user to undertake during transforma-
tion. Based upon answers to these queries, the program
generator component 110 can locate or infer the table
transform program 112 that satisfies the requirements of the
user.

In an alternative embodiment, the program generator
component 110 can apply a lazy approach. In a lazy
approach, the program generator component 110 can receive
exemplary input and output tables from the user and 1nfer a
program that satisfies such examples. "

The user can then
apply the inferred program to other inputs. If, on another
input, the program produces an output that the user does not
expect, then the user can provide the nput table and
expected output table to program generator component 110
as exemplary mput and output tables, and the program
generator component 110 can infer a new program that
satisfies both the original and new examples. The user can
repeat this process until the program generator component
110 provides a program that behaves as the user expects for
the iputs on which they apply it. Unlike an approach based
on acts of querying, the lazy approach does not guarantee
that the program generator component 110 infers a program
that 1s correct for all inputs. In practice, however, it has been
observed that users do not need to apply table transform
programs to arbitrary input tables. Instead, users apply a
table transform program to set up tables that all satisty
strong preconditions. Requiring users to specily program
behavior for tables outside of this precondition 1s unneces-
sary and often causes users to refuse to use such technology.

Two extensions of the program generator component 110
will now be described. If a user applies the system 100 to
exemplary input and output tables, obtains the program, and
finds that the program behaves incorrectly on a different
input table, the user can provide an additional nput table
along with a corresponding correct output table as another
example for the program generator component 110. The
program generator component 110 can then generate a new
table transform program that better satisiies the requirements
of the user. If the second input table extends the first input
table, then the user may apply the program generator com-
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ponent 110 solely to the second 1nput table. Even 1f however,
the exemplary mput tables are incomparable, the program
generator component 110 can be extended to take multiple
examples from a user simultaneously. To take multiple
examples, the program generator component 110, as embod-
ied in the algorithm shown above, 1s extended to locate filter
programs and associative programs that are consistent for a
set of multiple examples. To find filter programs that are
consistent for al 1 examples, the loop at lines 1-6 can be
changed to enumerate over the space of all tuples, including
a candidate map for each example. For each tuple of
candidate maps, the program generator component 110 can
attempt to mfer a map condition that classifies exactly the
cells mapped by each candidate map, and an output coor-
dinate sequencer that describes a sequence of output cells
that are mapped to in each candidate map. To find an
associative program that 1s consistent for all examples, the
check at line 14 of the above algorithm can be extended to
determine 11 the associative program 1s consistent with each
example. Finally the checks at lines 9 and 19 can be
extended so that the program generator component 110
determines that 1t has found a satisfying table program only
when 1t finds a collection of component programs that map
to every cell 1n all exemplary output tables provided by the
user.

The program generator component 110 can also be
extended so that 1t infers a program from a single example
that 1s, 1n practice, more likely to behave as expected when
applied to other tables. Step two of the algorithm above can
halt when ProgFromEX finds a set of component programs
that map to every cell in the exemplary output table.
However, the resulting set may include multiple component
programs that are redundant, as a smaller set of programs
would still map to the same cells. In practice, the more
component programs that form a table program, the more
likely table programs are to behave incorrectly when applied
to other tables. Thus, ProgFromEx can be extended so that
at line 20 such algorithm does not necessarily build a table
transform program Ifrom all component programs that it
finds. Instead, ProgkromEx can first apply a greedy algo-
rithm to prune the set of all component programs found in
a set that still maps to all cells 1n the exemplary output table
but 1s locally minimal. The resulting program 1s intuitively
simpler than the original program, and in practice more
behaves as expected on larger mput examples.

Referring now to FIGS. 6-8, various exemplary method-
ologies are 1llustrated and described. While the methodolo-
gies are described as being a series of acts that are performed
in sequence, 1t 1s be understood that the methodologies are
not limited by the order of the sequence. For mstance, some
acts may occur i a different order than what 1s described
heremn. In addition, an act may occur concurrently with
another act. Furthermore, in some instances not all acts may
be required to implement a methodology described herein.

Moreover, the acts described herein may be computer-
executable instructions that can be implemented by one or
more processors and/or stored i a computer readable
medium or media. Computer executable instructions may
include a routine, a subroutine, programs, a thread of execu-
tion and/or the like. Still further, results of acts of the
methodologies may be stored 1n a computer readable
medium, displayed on a display device, and/or the like. The
computer readable medium may be a non-transitory medium
such as memory hard drive, CD, DVD, flash drive, and/or
the like.

Referring now to FIG. 6, a methodology 600 that facili-
tates generation of a table transtform program 1s 1llustrated.
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The methodology 600 starts at 602, and at 604, an exemplary
input table 1s received 1n a first format. The mput table can
be received at a computing device, and the mput table can
include at least one row and at least one column.

At 606, an exemplary output table 1s received 1n a second
format at the computing device. The second format 1is
non-identical to the first format, and the exemplary output
table 1includes at least one row 1 at least one column.

At 608, a table transform program 1s automatically
inferred, wherein the table transform program transforms the
input table to the output table. The table transform program
1s inferred based at least 1n part upon the format of the mnput
table and the format of the output table. Furthermore, the
table transform program 1s a computer executable algorithm
that, when executed over the input table, generates the
output table.

At 610 a first table 1s received m the first format. For
example, the mput table may be a portion of the first table
such that the first table 1s substantially larger than the 1nput

table. At 612, the table transform program automatically
inferred at 608 1s executed over the first table to cause the
first table to be transformed to a second table that 1s of the
second format. Accordingly, as can be discerned from the
above, a user can provide an example input table and an
example output table and can thereafter cause another table
that 1s of the same format as the example input table to be
transformed to another table that 1s of the same format as the
exemplary output table provided by the user. The method-
ology 600 completes at 614.

Referring now to FIG. 7, an exemplary methodology 700
that facilitates outputting at least one mapping condition and
a sequencer to generate a filter program 1s 1llustrate& The
methodology 700 starts at 702, and at 704 an input table 1s
received from a user in a first format as described above.
This mput table may be a portion of a first table that 1s to be
desirably transformed from a first format to a second format.

At 706, an output table 1s received in the second format.
Again, this can be an exemplary table that corresponds to the
input table.

At 708, a candidate map 1s generated between the 1nput
table and the output table, wherein the candidate map 1s
generated based at least 1n part upon one or more candidate
map rules applied to the input table 1n view of contents of the
output table. These candidate map rules can be selected from
a predefined set of candidate map rules, and a candidate map
1s consistent 1n which at least a portion of the mput table 1s
mapped to a portion of the output table by way of the
candidate map.

At 710, at least one mapping condition 1s inferred based
at least 1n part upon the candidate map. As described above,
the at least one mapping condition can he selected from a
predefined set of atomic predicates, such that when the
mapping condition 1s applied to a coordinate in the input
table, such mapping condition causes that coordinate to be
selected 11 and only if 1t 1s present in the candidate map.

At 712, a sequencer 1s inferred that correctly orders cells
in the output table from cells of the mput table. The
sequencer can be mferred from amongst a set of predefined
sequencers.

At 714, the at least one mapping condition and the at least
one sequencer are output as a filter program. The method-
ology 700 completes at 716.

Now turning to FIG. 8, an exemplary methodology 800
that facilitates building a table transform program 1s illus-
trated. The methodology 800 starts at 802, and at 804 a
component program 1s recerved. The component program
can be a filter program and/or an associative program. Thus,
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a component program can be built based upon other previ-
ously built component programs.

At 806, a pair of relative functions from a fixed set of
relative functions 1s received. These relative functions can
be applied together with the recetved component program to
generate a new map between at least a portion of the mput
table and at least a portion of the output table. At 808,
another component program 1s built based at least 1n part
upon the component program received at 804 and the pair of
relative functions received at 806. At 810, a determination 1s
made regarding whether the table transform program 1s
complete. That 1s, a determination 1s made regarding
whether the set of all component programs built up to now,
when applied to the input table, create the output table. If the
table transform program 1s not complete, then the method-
ology returns to 804 where another component program 1s
received (e.g., for mstance the component program built at
808). If the table program 1s complete, the methodology
proceeds to 812 where the table transform program is output.
The table transform program can be executed over a table of
the same format as the exemplary mput table. The method-
ology 800 completes at 814.

Now referring to FIG. 9, a high-level illustration of an
exemplary computing device 900 that can be used 1n accor-
dance with the systems and methodologies disclosed herein
1s 1llustrated. For istance, the computing device 900 may be
used 1n a system that supports inferring a table transform
program that 1s based at least 1n part upon examples pro-
vided by a user. In another example, the computing device
900 may be used 1n a system that supports retaining such a
table transform program as a template. The computing
device 900 includes at least one processor 902 that executes
instructions that are stored in memory 904. The memory 904
may be or include RAM, ROM, EEPROM, flash memory or
other suitable memory. The instructions may be, for
instance, 1nstructions for i1mplementing functionality
described as being carried out by one or more components
discussed above or instructions for implementing one or
more the methods described above. The processor 902 may
access the memory 904 by way of a system bus 906. In
addition to storing executable mstructions, the memory 904
may also store tables, filter programs, associative programs
etc.

The computing device 900 additionally includes a data
store 908 that 1s accessible by the processor 902 by way of
the system bus 906. The data store 908 may be or include
any suitable computer readable storage including a hard
disk, memory, etc. The data store 908 may be or include
executable instructions, exemplary mput tables, exemplary
output tables, etc. The computing device 900 also includes
an 1mput mterface 910 that allows external devices to com-
municate with the computing device 900. For instance, the
input interface 910 may be used to recerve instructions from
an external computer device, from a user, etc. The comput-
ing device 900 also includes an output interface 912 that
interfaces a computing device 900 with one or more external
devices. For example, the computing device 900 may dis-
play text, images, etc. by way of the output interface 912.

Additionally, while illustrated as a single system, 1t 1s to
be understood that the computing device 900 may be a
distributed system. Thus, for instance, several devices may
be 1n communication by way of a network connection and
may collectively perform tasks described as being per-
formed by the computing device 900.

As used herein, the terms “component” and “system’ are
intended to encompass hardware, software, or a combination
of hardware and software. Thus, for example, a system or
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component may be a process, a process executing on a
processor, or a processor. Additionally, a component or
system may be localized on a single device or distributed
across several devices. Furthermore, a component or system
may refer to a portion of memory and/or a series of tran-
s1stors.

It 1s noted that several examples have been provided for
purposes ol explanation. These examples are not to be
construed as limiting the hereto-appended claims. Addition-
ally, it may be recognized that the examples provided herein
may be permutated while still falling under the scope of the
claims.

What 1s claimed 1s:

1. A system comprising:

at least one processor; and

memory storing mstructions that, when executed by the at

least one processor, cause the at least one processor to
perform acts comprising;:
receiving an mput table and an output table the input
table has a first format and comprises a first plurality
of cells that are arranged in {first rows and first
columns, wherein a first cell in the first plurality of
cells has a first value, wherein the output table has a
second format comprises a second plurality of cells
that are arranged in second rows and second col-
umns, and further wherein a second cell in the
second plurality of cells has a second value difierent
from the first value; and
based upon the mnput table and the output table, gen-
crating a program that 1s executable by the at least
one processor, wherein generating the program com-
Prises:
generating a candidate map between a portion of the
input table and a portion of the output table based
upon data that co-occurs 1n the input table and the
output table; and
inferring a filter program based upon the candidate
map, wherein the filter program comprises pre-
defined candidate rules that are satisfied between
the mput table and the output table, wherein the
program 1s based upon the filter program, and
further wherein the program, when executed over
a first table that comprises the input table, outputs
a second table that comprises the output table,
wherein the first table has the first format and the
second table has the second format.

2. The system of claim 1, wherein at least one of the input
table or the output table 1s structured text, wherein delimiters
of different types define cells, rows, and columns 1n the
structured text.

3. The system of claim 1, wherein the mput table, the
output table, and the first table are received from a web
browser.

4. The system of claim 1, wherein at least one of the input
table or the output table 1s received from a computer-
implemented word processing application.

5. The system of claim 1, wherein at least one of the input
table or the output table 1s received from a computer-
implemented spreadsheet application.

6. The system of claim 1, wherein at least one of the input
table or the output table 1s received from a database man-
agement system.

7. The system of claim 1, the acts further comprising:

subsequent to generating the program, executing the

program, wherein the program receives the first table as
input and outputs the second table.
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8. The system of claim 1, the acts further comprising;:

receiving a third table, the third table being different from

the first table and the second table, the third table
having the first format; and

executing the program, wherein the program receives the

third table as input and outputs a fourth table, the fourth
table having the second format.

9. A method executed by at least one computer processor,
the method comprising:

receiving an input table, the mput table having a first

format and comprising first cells having first values
respectively assigned thereto;

receiving an output table, the output table having a second

format that 1s different from the first format, the output
table comprising second cells having second values
respectively assigned thereto, the second table being
different from the first table;

receiving a request to construct program that, when the

input table 1s recerved as mput to the program, outputs
the output table; and

responsive to receiving the mput table, the output table,

and the request, constructing the program, wherein

constructing the program comprises:

generating a candidate map that maps cell positions 1n
the input table to cell positions in the output table,
wherein the candidate map 1s generated based upon
data that co-occurs in the mput table and the output
table; and

inferring a filter program based upon the candidate
map, wherein the filter program comprises pre-
defined rules that are satisfied when transforming the
input table to the output table, wherein the program
1s constructed based upon the filter program, and
turther wherein the program outputs the output table
responsive to receiving the iput table as iput to the
program.

10. The method of claim 9, turther comprising;:

receiving a first table, the first table having the first

format, the first table being different from the input
table;

responsive to recerving a request from a user, executing

the program with the first table provided as input,
wherein executing the program with the first table as
input causes the program to output a second table
having the second format, the second table being dif-
ferent from the output table.

11. The method of claim 9, wherein at least one of the
input table or the output table 1s structured text, wherein
delimiters of different types define cells, rows, and columns
in the structured text.

12. The method of claim 9, wherein generating the
candidate map comprises:

locating cells 1n the mput table that have corresponding

cells 1n the output table,

wherein the candidate map 1ndicates cell locations 1n the

input table that correspond to cell locations in the
output table.

13. The method of claam 12, wherein generating the
candidate map further comprises:

selecting a candidate-map rule from a plurality of pre-

defined candidate map rules;

applying the candidate map rule to the mput table to

generate a map;

comparing the map with the output table;

determining that the map corresponds to the portion of the

output table; and
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storing the map generated by way of application of the
candidate map rule as the candidate map responsive to
determining that the map corresponds to the portion of
the output table.

14. The method of claim 13, wherein inferring the filter
program cComprises:

inferring a mapping condition, wherein the mapping

condition 1s satisfied by every cell 1n the mput table that
1s mapped by the candidate map and fails to be satisfied
by every cell 1n the input table that fails to be mapped
to the candidate map; and

inferring a sequencer algorithm, wherein the sequencer

algorithm orders coordinates mapped by way of the
mapping condition 1n accordance with an appropriate
order 1n the output table, wherein the program 1s based
upon the sequencer algorithm.

15. A computer-readable data storage device comprising
instructions that, when executed by at least one processor,
cause the at least one processor to perform acts comprising:

receiving an input table and an output table, the input

table having a first format and comprising first cells, a
first cell 1n the first cells having a first value, the output
table having a second format that 1s different from the
first format, the output table comprising second cells, a
second cell 1n the second cells having a second value
different from the first value; and

responsive to receipt ol a request, generating a program

that 1s executable by the at least one processor, wherein

the program, when receiving as iput a first table that

comprises the first cell having the first value, outputs a

second table that comprises the second cell having the

second value, wherein the first table has the first format

and the second table has the second format, wherein

generating the program comprises:

generating a candidate map that maps cell positions 1n
the input table to cell positions in the output table,
wherein the candidate map maps the first cell to the
second cell, and further wherein the candidate map 1s
generated based upon data that co-occurs in the input
table and the output table; and

inferring a filter program based upon the candidate
map, wherein the filter program comprises pre-
defined rules that are satisfied when transforming the
input table to the output table, wherein the program
1s constructed based upon the filter program, and
turther wherein the program outputs the second table
responsive to receiving the first table as input to the
program.

16. The computer-readable data storage device of claim

15, wherein the input table has a first format and the output
table has a second format that 1s different from the first
format.

17. The computer-readable data storage device of claim
16, wherein the input table and the output table are received
from a computer-executable spreadsheet application.

18. The computer-readable data storage device of claim
16, wherein the first table comprises the mput table, and
further wherein the second table comprises the output table.

19. The computer-readable data storage device of claim
16, wherein the input table, the output table, and the first
table are received from a web browser.

20. The compute-readable storage device of claim 16,
wherein the mnput table, the output table, and the first table
are received from a word processing application.
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